Knowledge on the effect of land management on ecosystem services (ESSs) is essential for making decisions on land management. Current modelling approaches that aim to assist decision making generally do not distinguish between ecosystem functions (ESFs) and ESSs, or include land management effects. Our objective was to model the effect of land management on multiple ESSs in 'Het Groene Woud', the Netherlands. Based on quantitative and spatial relationships, we mapped and modelled eight ESFs and ESSs. Next, three ESSs were analysed under two quantitative management scenarios. Natural areas and green landscape elements proved crucial for providing recreation and regulating services. Agricultural areas mainly provide milk and fodder but few other services. We conclude that land use type and green landscape elements are suitable variables for modelling land management effects. Our study underlines that the stepwise analysis of ESSs is essential to understand the interactions between services. The generic relationships we established enable the application of the method for other areas, either inside or outside the Netherlands. The ESF and ESS maps can be used for regional management, because they provide location-specific quantitative information on ecosystems' capacity to provide services as well as on the service provision itself.
Introduction
Human activities have resulted in the conversion of natural forests, grasslands and other ecosystems into cropland and pastures, to provide an increasing world population with food, water, fuel wood and construction material (Foley et al. 2005; Rodríguez et al. 2006 ). These changes have impaired the ecosystems' capacity to sustain food production and provide freshwater to humans; provide a healthy habitat and shelter for animal and plant species; regulate climate and air quality; and prevent crops and humans against infectious diseases (Foley et al. 2005; ICSU et al. 2008; WRI et al. 2008; Díaz et al. 2009 ). The contributions to human well-being by ecosystems are defined as ecosystem services (ESSs) (De Groot RS, Fisher B, et al. 2010) . Over the years, evidence has mounted on the extent and value of ESSs provided globally (Costanza et al. 2008; WRI et al. 2008 ; The Economics of Ecosystems and Biodiversity 2010), as well as on their decline as a result of land management change and other drivers (Hassan et al. 2005; Kremen et al. 2007; ICSU et al. 2008) . We defined land management as the presence of human activities that are affecting land directly or indirectly (Van Oudenhoven et al. 2012) . Land management can influence land cover, land use and the provision of ESSs (Foley et al. 2005; Verburg et al. 2009 ).
To develop policies on sustainable land use options or to make adjustments in land management systems, it is essential to have information on the impact of land *Corresponding author. Email: katalin.petz@wur.nl; katalin.petz@gmail.com Katalin Petz and Alexander P.E. van Oudenhoven contributed equally to this work. management change on the bundle of ESSs (ICSU et al. 2008; Nelson et al. 2009 ). However, quantitative empirical information on the capacity of a given ecosystem to provide a multitude of services is still lacking (ICSU et al. 2008) . The biophysical characterization of ESSs is not yet fully established (Chan et al. 2006; Villa et al. 2009 ). One of the main challenges for current ESSs research is assessing the bundles of ESSs provided through alternative land management systems (ICSU et al. 2008 ; De Groot RS, .
Mapping and modelling of ESS are tools that can help to better understand the interactions between land management and the provision of ESSs ; De Groot RS, . Reyers et al. (2009 ), Egoh et al. (2011 , Chan et al. (2006) and Bai et al. (2011) , among others, have mapped and modelled ESSs in biophysical quantities. These studies focus mainly on water, carbon sequestration, pollination, biodiversity and recreation (or tourism) services. They do not distinguish explicitly between the capacity to provide the ESS (ecosystem function, ESF) and its contribution to human well-being (ESS) (De Groot RS, . Often ESFs rather than ESSs have been quantified and mapped (Kienast et al. 2009; Lamarque et al. 2011) , such as Willemen et al. (2008) . In several mapping and modelling studies, ESFs and ESSs are reduced to indicators with limited management and policy relevance (Willemen et al. 2008; Raudsepp-Hearne et al. 2010; Maes et al. 2011) . Land management may cause changes in land use and landscape structure and can thus alter the processes and structure of an ecosystem, ecosystem properties (ESPs) (De Groot RS, Fisher B, et al. 2010) . Consequently the ESFs and ESSs provided are also influenced by land management Van Oudenhoven et al. 2012) . The fact that land management can also influence ESSs that are not targeted by this management is often neglected (Fisher and Turner 2008; Reyers et al. 2009; Hein 2010) . This underlines that the interconnection between land management, ESPs, ESFs and ESSs is still poorly understood (De Groot RS, Van Oudenhoven et al. 2012) .
Therefore, our study focused on the interactions between land management, ESPs, ESFs and ESSs. Our objective was to model the effect of land management on multiple ESSs. Based on a stepwise framework (Van Oudenhoven et al. 2012) we developed generic models in an ArcGIS (ESRI, Redlands, CA, USA) spatial modelling environment and applied the models in 'Het Groene Woud', a rural area of 350 km 2 in the south of the Netherlands (Figure 1 ). We analysed ESSs provided in this Dutch landscape, where different land use types and landscape elements are present. We used multiple indicators per service to quantify, map and model ESSs at this landscape scale. These indicators were related to land management variables such as land use types and intensities, landscape pattern and green and blue landscape elements. Green and blue landscape elements are the hedgerows, tree patches, brooks and fens that intersect the landscape (Kuiper and de Regt 2007) . Finally, we quantified the effect of land management on the provision of ESSs under two simple management scenarios.
Methods

Study area: Dutch National Landscape 'Het Groene Woud'
The 'Groene Woud' area (350 km 2 ) is located in the southern part of the Netherlands in the province of Noord-Brabant, amidst three densely populated towns: Eindhoven, 's-Hertogenbosch and Tilburg. The cities account for 80% of the population of the region (roughly 650,000) (CBS 2011b) . The Groene Woud is characterized by a mosaic landscape of cropland, grassland, semi-natural forests, small sand dunes, heathlands, rural settlements and small landscape elements (Figure 1 ). The main targeted sectors of the regional policy are agriculture, tourism/recreation, and nature, which have to be maintained, increased and conserved, respectively (Streekraad Het Groene Woud en De Meierij 2009; Het Groene Woud 2011).
In 2005, the area was declared as a Dutch National Landscape (Ministries of VROM et al. 2006 ). This meant that new policies and initiatives have to contribute to conserving the area's unique cultural-historical, natural and landscape features while not compromising local economic activities (Ministries of VROM et al. 2006; Kuiper and de Regt 2007) . Improved landscape heterogeneity, multifunctionality and connectivity of green and blue landscape elements are the aims of the regional management strategy (Kuiper and de Regt 2007; Opdam et al. 2009; Blom-Zandstra et al. 2010 ). Regional policy Figure 1 . The two maps indicate the main land use types (a) and location of green landscape elements (b) in the study area. The land use legend refers to the study area map. Data source: De Wit et al. (1999) and Grashof-Bokdam et al. (2009b) . and management are closely linked through the local council ('streekraad'), which 'translates' policy options into management plans (Streekraad Het Groene Woud en De Meierij 2009; Het Groene Woud 2011) . Large segments are included in the Dutch Ecological Main Structure (EHS) and European Natura 2000 networks (Blom-Zandstra et al. 2010) . Nature areas are connected by ecological linkage zones, to preserve habitat and biodiversity through sustainable ecological and economic management (Bredenoord et al. 2011; European Commission 2011) . A biodiversity hotspot and important recreation area is the Kampina Nature Reserve (Figure 1) . We selected the case study area because of the link between policy and regional management, and the big role that green and blue landscape elements play in the policy and management plans. The area has also been used as a case study location by Speerpunt Ecosystem & Landscape Services (www.ecosystemservices.nl), a research programme of Wageningen University and Research Centre (UR).
Methodology
We used the following steps to quantify and model ESFs and ESSs: (1) ESSs selection; (2) 
ESSs selection
ESSs were selected, because they had been mentioned by local sources (websites and brochures), stakeholders (regional council members, scientists and farmers) or in scientific literature and reports (Bianchi et al. 2008; Grashof-Bokdam CJ, Chardon J, et al. 2009; Oosterbaan et al. 2009; Blom-Zandstra et al. 2010) . Thus, each studied ESS was important to policymakers, regional management, local inhabitants and/or visitors of the area. We selected food production (milk), production of raw materials (fodder), air quality regulation, climate regulation, pollination, biological control, lifecycle maintenance and opportunities for recreation. We followed the ESSs typology presented in the The Economics of Ecosystems and Biodiversity study (www.teebweb.org) as introduced by De Groot RS, Fisher B, et al. (2010) . The selected services represent all four ESS categories (provisioning, regulating, habitat and cultural) and reflect the three main sectors that are targeted by regional policy.
Indicator selection and quantification of ESFs and ESSs
For each selected ESS we identified ESPs, ESF and ESS steps as well as corresponding indicators. Important criteria for indicator selection were flexibility and data availability. In addition, each indicator needed to be spatially explicit, portable, credible and sensitive to changes in land management (Niemeijer and de Groot 2008; De Groot RS, Alkemade R, et al. 2010; Reyers et al. 2010) . Examples of relevant land management components include land use type, landscape pattern, crop type, noise level and others. Information on indicators and data was collected from scientific and grey literature. Below we provide an overview of the studied ESFs and ESSs, as well as their assumed relationships to management and ESPs. A complete overview of all indicators and relationships can be found in Appendix 1. In Sections ESF and ESS modelling and Scenario analysis: shift to extensive or intensive land management we describe how the selected indicators were used for modelling.
Food production (milk). About 43% of the area is grassland that is used for grazing and milk production (De Wit et al. 1999; Kuiper and de Regt 2007) . The amount of milk that can be produced (ESS) is dependent on the grassland area in combination with the number of milk-producing cows (ESF). Milk production is also influenced by other external inputs, such as nutrient application, veterinarian measures, labour and mechanization (Van Oudenhoven et al. 2012 ). We did not quantify these external inputs as contributions to the ESS provision. To calculate the amount of milk that can be potentially produced, we assumed that all milk cows feed on grass (no pens) and all grasslands are used for grazing. An average number of 150 cows graze on 100 ha in Noord-Brabant, which means that about 0.66 ha is available per cow (LEI and CBS 2010) . Currently, about one-third of the cows are kept as milk cows in the area (Naeff and Smidt 2009). Based on national statistics (LEI 2010a) we calculated the number of cows that could graze and the amount of milk that could be produced, thereby comparing organically and conventionally kept cows.
Production of raw materials (fodder) . About 16% of the area is under maize cultivation (De Wit et al. 1999; Kuiper and de Regt 2007) . The maize is utilized as fodder and manure resulting from dairy farming is used to enhance maize production (Naeff and Smidt 2009). Manure application, mechanization and other external inputs enhance maize production. We did not quantify these inputs, but assumed that the area on which maize is cultivated (ESF) determines the amount of maize that can be produced (ESS). We used data on maize production from the Dutch Agricultural Database (LEI 2010b; LEI and CBS 2010) .
Air quality regulation. Vegetation plays a role in air quality regulation, for instance by capturing volatile organic compounds, ozone and fine dust Hiemstra et al. 2008) . PM10 is particulate matter with a diameter of 10 µm or less (Beckett et al. 1998; Bealey et al. 2007) . Local agriculture and traffic account for 8% of the total PM10 emission (444 t/year) in the Groene Woud, while the rest originates from outside the area (Bleeker et al. 2008) . A way to calculate the potential service is by calculating the difference between PM10 emission and potential PM10 capture in the area (Oosterbaan et al. 2006) . The amount of PM10 (t/ha/year) captured by vegetation (ESF) leads to a decrease in atmospheric PM10 concentration (ESS) both on a local and a (sub)national scale (Beckett et al. 1998; Bealey et al. 2007; McDonald et al. 2007 ). We used the capture of vertically deposited PM10 as an ESF indicator, because of high uncertainties and lack of data that exist for horizontal deposition (Oosterbaan et al. 2009 ). Data on estimated PM10 capture per land cover/land use type by Oosterbaan et al. (2006 Oosterbaan et al. ( , 2009 were used. We adjusted this to the average PM10 concentration of 26 µg/m 3 in the area (Velders et al. 2007 ). We interpolated PM10 capture data for additional land use types (e.g. heath and natural grass) and for green landscape elements. The amount of PM10 captured by green landscape elements and all land use types was added up. As a next step we estimated the local atmospheric PM10 concentration reduction (ESS) by forest, heathland, natural grass and green landscape elements, based on studies conducted near highways and roads in the Netherlands (Weijers et al. 2000; Wesseling et al. 2008 ) and in urban and rural areas in the United Kingdom (Beckett et al. 1998 (Beckett et al. , 2000 Bealey et al. 2007 ). The decrease in local atmospheric fine dust concentration is thought to be proportional to the percentage of vegetation cover: 25% vegetation cover can maximally reduce the PM10 concentration by 15% (Stewart et al. 2002; Tonneijck and Swaagstra 2006; Bealey et al. 2007 ). The atmospheric PM10 concentration varies considerably with increasing distance to emission sources (Janssen et al. 2008 ), but little is known about the relationship between distance to source and atmospheric concentration reduction. Therefore, we did not consider the distance to emission sources. Note that we did not relate data on PM10 capture (ESF) to local PM10 concentration reduction (ESS), due to the fact that no studies could be found that linked these two aspects of air quality regulation.
Climate regulation. Forest and other vegetation types play a role in climate regulation (Brandes et al. 2007 ; European Environment Agency 2009). In the Netherlands, forests sequester about 2.5 Mt CO 2 , whereas agricultural grasslands emit 4.2 Mt CO 2 and urban areas emit 0.2 Mt CO 2 annually (Brandes et al. 2007; Schulp et al. 2008) . The amount of carbon sequestered (ESF) leads to a decreasing atmospheric CO 2 concentration (ESS) (Schulp et al. 2008; Carol Adair et al. 2009 ). We used country-level carbon sequestration data (tC/ha/year) for grassland, cropland and forest to map carbon sequestration or emission (Kuikman et al. 2003; Schulp et al. 2008) . We assumed the same sequestration rate of forest for heath and natural grass too (Ruijgrok 2006) . The carbon pool of urban areas is highly variable (Lorenz and Lal 2009) and urban carbon exchange is estimated to be low in comparison with other land use types in the Netherlands (Brandes et al. 2007 ). Therefore, we considered urban areas as carbon neutral. The carbon emitted by transport and infrastructure (e.g. heating) was excluded. Furthermore, carbon sequestration by green landscape elements was not considered, because the country-level input data did not include applicable sequestration rates. The sequestered carbon multiplied by CO 2 -equivalent constant (3.67) gives the CO 2 -equivalent of the carbon sequestrated or emitted, a proxy for changes in atmospheric CO 2 concentration (Gohar and Shine 2007; Environmental Protection Agency 2011) .
Pollination. Several crops, such as beets and various vegetables, are dependent on natural pollinators in the Groene Woud (De Wit et al. 1999) . Pollination by wild bees is of great economic importance to farmers cultivating pollinator-dependent fruits and vegetables (Priess et al. 2007; Gallai et al. 2009 ). The abundance of pollinators (ESF) within a given proximity of croplands affects crop yield (ESS) ). We used fruit set, the percentage of flowers that develop into fruits, as a proxy for the pollinator wild bees' abundance (ESF) and adopted the fruit set-distance curve from Steffan-Dewenter and Tscharntke (1999) . The maximum fruit set is 60%, which tends to drop to about 20% with increasing distance from nature, i.e. forest, heathland and natural grass (Steffan-Dewenter and Tscharntke 1999). The positive effect of forest and natural grass on crop pollination diminishes beyond approximately 1200-1500 m (effective distance) (Steffan-Dewenter and Tscharntke 1999; Priess et al. 2007 ). The service itself, the crop yield, can only be provided in areas with pollination-dependent crops. We assumed that the ESS follows the pollinator abundance, which means that at the maximum fruit set of 60% the yield is 100%.
Biological control. Many crops, such as wheat, maize and various vegetables, that are grown in the Groene Woud can be severely affected by pests, mainly insects (Gurr et al. 2003; Bianchi et al. 2006) . We considered biological control the predation of insect pests by natural predators. The abundance of natural predators (ESF) can cause decreasing numbers of pests (ESS) and thereby decrease damage to crops (Foster et al. 2004; Clough et al. 2007; Oelbermann and Scheu 2009) . Forests and hedgerows provide a habitat for the natural predators of pests such as aphids attacking cereals and moths attacking vegetables (Foster et al. 2004; Roschewitz et al. 2005) . We used egg predation of crop pests as the ESS indicator for biological control. Bianchi et al. (2008 Bianchi et al. ( , 2006 and Levie et al. (2005) proved an increase in predation on insect pests as a result of green landscape elements. We used information from studies in the Netherlands on the relationship between landscape configuration, green and blue landscape elements and predation on two moth species occurring in cabbage and sprout fields: the diamondback moth (Plutella xylostella) (Bianchi et al. 2005; Baveco and Bianchi 2007) and cabbage moth (Mamestra brassicae) (Bianchi et al. 2008) . Bianchi et al. (2008) showed that egg predation rates increase with increasing area of forest edges within a 1000 m distance. We mapped the density of forest and green landscape elements to determine the natural predation rate. The service is provided in areas that can be affected by agricultural pests: orchard, beets, maize, cereals and non-cereal crops.
Lifecycle maintenance. The Groene Woud area plays an important role in providing habitats for migrating and local animal and plant species. We selected the habitat provided for butterflies to measure lifecycle maintenance. The habitat suitability (ESF) is related to the occurrence of species (ESS). We used butterflies occurring in closed connected woody habitat (forest and forest patches) as indicator species. Butterflies are generally more mobile in continuous landscape (Baguette et al. 2003) and their occurrence and species richness increase with higher amounts of deciduous forest (Bergman et al. 2004 ). Therefore, we mapped the density of forest and green landscape elements within the species' dispersal distance, taken as 1750 m, to obtain habitat suitability (%) (Grashof-Bokdam CJ, Chardon J, et al. 2009 ). We also assessed the effect of fragmentation and nature protection. Landscape fragmentation has a negative effect on butterfly mobility (Baguette et al. 2003 ), which we translated as exponentially decreasing habitat suitability within a 1000 m buffer of roads and railways, similar to Tallis et al. (2011) . Nature protection, as a result of Natura 2000 and EHS networks is beneficial for habitats of migrating and local species (Blom-Zandstra et al. 2010; Bredenoord et al. 2011; European Commission 2011) . Therefore, we assumed 30% and 20% habitat suitability increase for Natura 2000 and EHS areas, respectively. We assumed that butterfly species occur in areas with a minimum of 50% suitability, with suitability ranging between 0% and 100%.
Opportunities for recreation. We used the activity walking to measure recreation. Walking is the most popular recreation activity in the Netherlands; 60% of the population walk regularly for pleasure, whereas 50% cycle (CBS 2010) . The suitability of an area for walking (ESF) largely determines how many people can walk (ESS). Walking suitability is based on properties such as land use type, noise level and diversity of landscape, all in relation to people's preferences (Van den Berg et al. 1998; Goossen and Langers 2000; De Vries et al. 2007 ). We used a combination of the most influential indicators from countrywide studies by Goossen and Langers (2000) and De Vries et al. (2007) . Interview-based data from Goossen and Langers (2000) , were used to map most preferred land use types for walking. We added the effect of noise level and landscape diversity. The national noise maps (obtained for roads and railways from www.rijkswaterstaat.nl and www.prorail.nl, respectively) indicate increased noise level within a 500 m buffer of roads and 400 m buffer of railways. A noisy environment is not preferred for walking (Goossen and Langers 2000) and we assumed that noisy locations decrease walking suitability by up to 80%. A diverse landscape was found to be attractive for recreants (Van den Berg et al. 1998 ). We measured landscape diversity as the proximity of green landscape elements. We assumed that within the 100-200 m distance of green landscape elements walking suitability increases by 30-10%. The number and distribution of people that walk depend on the walking suitability, the percentage of residents that walk (60%) and the number of residents (650,000 people) (CBS 2010 (CBS , 2011b . We assumed that people walk (ESS) in areas with a minimum of 60% walking suitability.
ESF and ESS modelling
The above-described relationships served as a base for modelling each ESF and ESS: 
Scenario analysis: shift to extensive or intensive land management
To further analyse the effect of land management on the provision of ESSs we developed two scenarios: (1) Intensive agriculture and (2) Functional nature protection.
We quantified the services food production (milk), air quality regulation and opportunities for recreation -which are examples of, respectively, a provisioning, regulating and cultural service -under the two scenarios. We selected these services, because they feature in the sectors targeted by regional policy. Moreover, the services can also be quantified and aggregated for the entire study area. Our scenarios were based on the 'Suitable Nature' and 'Functional Nature' scenarios developed by PBL (2011) as part of the Dutch Nature Outlook ('Natuurverkenning').
The delineation of the two scenarios was based on the main land use types (cropland, grassland and forest), sectors mainly targeted by regional policy (agriculture, tourism and recreation and nature conservation) and agricultural production intensities (intensive and organic) in the area. The scenarios were translated into changes of land management-related variables, namely land use change, land cover change (green landscape elements) and local PM10 emission (Table 1) . Under the Intensive agriculture scenario, a shift towards large-scale mono-functional agricultural production is assumed. This is in line with the 'Suitable Nature' scenario, which assumes limited intervention by national governments and more trust in market functioning. Nature is utilized mainly for the provision of services with a direct market value, such as agriculture and recreation (PBL 2011) . This is illustrated by the random conversion of 57% of deciduous forest and forest patches into grassland and the clearance of green landscape elements. This would result in a 15% increase in grassland area and, consequently, increased land on which milk cows could graze.
Under the Functional nature protection scenario a shift towards organic food production, with no changes in the location and extent of small-scale land use was assumed. The increased focus on nature and biodiversity conservation would be realized through ecological corridors, protection and environmental sound management. We illustrated this by the maintenance, but no further expansion of the existing green landscape elements. This is in line with the 'Functional Nature' scenario, which assumes increased involvement of local stakeholders in decision making and increased awareness of an attention to the benefits of nature, both in financial and non-monetary terms (PBL 2011) . We therefore assumed no changes in PM10 emissions in the total area of different land use types and in the coverage of green landscape elements.
We quantified the three services under the two scenarios using the changes in management described in Table 1 and the relationships specified in Sections Indicator selection and quantification of ESFs and ESSs and ESF and ESS modelling.
Results
Modelled ESFs and ESSs
In this section, numbers and maps are shown for eight quantified and modelled ESFs and ESSs. Note that we only provided separate maps of ESF and ESS per ESS category if the spatial patterns of the function and service maps were different.
Food production (milk)
The 14,400 ha of grassland provide grazing area for 7200 milk cows (Figure 4a) . A conventional cow can produce 8000 L of milk per year (LEI and CBS 2010) and an organic cow 6600 L (LEI 2010a) . Based on that we calculated that roughly 57,600 kL of non-organic milk or 47,520 kL of organic milk can be produced yearly from the cows that feed on grass.
Production of raw materials (fodder)
Maize is cultivated on 5500 ha (Figure 4b) . The average silage maize yield in 2010 was 45 t/ha (CBS 2011a) , resulting in 250,000 kg/year maize production in the Groene Woud.
Air quality regulation
Coniferous forests can capture 94 t PM10/ha/year (high); deciduous forests 54 t PM10/ha/year; and heathland, natural grass and green elements 27 t PM10/ha/year. The rest of the land use types can capture less than 15 t/ha/year (low) and we assumed that urban areas capture no fine dust (Figure 4c ). In total, 644 t PM10 can be captured by vegetation annually, which means that the total amount of PM10 emitted within the area (444 t) can be captured by vegetation. The 31% vegetation cover (forest, heath, natural grassland and green elements) in the Groene Woud is estimated to contribute to a 10-15% reduction of the local PM10 concentration.
Climate regulation
Carbon sequestration rates for grassland (0.18 tC/ha/year), cropland (-0.25 tC/ha/year), urban area (0 tC/ha/year), forest, heath and natural grass (1.1 tC/ha/year) were used, where negative numbers indicate carbon emission (Kuikman et al. 2003; Schulp et al. 2008) (Figure 4d ). The corresponding CO 2 -equivalent of the carbon sequestrated or emitted was 0.66, -0.92, 0, 4.037 tCO 2 eq, respectively.
Pollination
Fruit set varies between 32% (low) and 60% (high), and high fruit set occurs near green elements and nature (d) Figure 5 . Pollination function (a) and pollination service (b); biological control function (c) and biological control service (d); lifecycle maintenance function (e) and lifecycle maintenance service (f); opportunities for recreation function (g) and recreation service (h) maps.
( Figure 5a ). The service is only provided in cropland areas that depend on natural pollination, thus the service map differs from the function map. The change in crop yield follows the trend in fruit set curve and ranges between 72% and 100% (high) on pollination-dependent crop fields and is 0% (low) in other areas, which do not benefit from natural pollination (Figure 5b ).
Biological control
The pest predation at crop areas follows the curve of abundance of natural predators of insect pests, with highest predation possible on croplands near forests and green elements (Figure 5c and 5d ). The service is only provided in areas that can be affected by agricultural pests, thus the service map covers only a part of the function map.
Lifecycle maintenance
Butterflies occurring in closed woody habitats live primarily in non-fragmented forests. Therefore, the most suitable habitats are protected forest areas (100%, i.e. highest suitability) and least suitable areas occur near roads and railways (0%, i.e. lowest suitability). The Kampina Nature Reserve is a large area with the highest habitat suitability (Figure 5e ). The service is provided in areas with at least 50% suitability, which equals 10% of the total area. Therefore, the service map covers only a part of the function map and it mainly comprises the Kampina Nature Reserve (Figure 5f ).
Opportunities for recreation
The combination of forest and heathlands with low noise levels results in the highest suitability for walking (100%), whereas noisy areas along roads and railways are the least suitable (0%) (Figure 5g ). About 60% of the area's residents walk regularly, which is about 390,000 people. Assuming that people walk only in areas with at least 60% suitability, walking would occur at 19% of the area (6265 ha). This leads to a walkers' density of 62.2/ha. Therefore, the service map covers only a part of the function map and mainly comprises the Kampina Nature Reserve and some other small patches of the Groene Woud (Figure 5h ).
Scenario analysis: shift to extensive or intensive land management
The outcome of the (1) Intensive agriculture and (2) Functional nature protection scenarios was quantified for milk production, air quality regulation and opportunities for recreation functions and services (Table 2) .
Under the Intensive agriculture scenario, more milk could be produced (66 ML/year) as compared with the Functional nature protection scenario (47.55 ML/year). This is the result of the increase in grassland area (15%) as well as the larger number and higher productivity of conventionally kept cows (8250) compared with organically kept cows (7200). More PM10 could be captured (644 t/year vs. 359 t/year) and the area with high walking suitability (above 60%) is largest in Functional nature protection (6362 ha vs. 4360 ha). The higher PM10 capture in Functional nature protection is caused by the fact that coverage by green elements and forest area are maintained and PM10 emissions remain constant. All locally emitted PM10 (444 t/year) could be captured. Assuming a 10-15% decrease of local PM10 concentration can be achieved by 25% vegetation cover (Stewart et al. 2002; Bealey et al. 2007) , Functional nature protection (31% vegetation cover) could lead to more and Intensive agriculture (6% vegetation cover) to less than 10-15% decrease. Similarly to air quality regulation, better opportunities for recreation in Functional nature protection are a result of maintained coverage of green landscape elements and forest. The fact that Functional nature protection would result in larger area with high walking suitability than Intensive agriculture has consequences for the potential number of walkers per hectare. With the same number of people that can walk in the area (390,000 in each scenario), the walkers density in Intensive agriculture is 89.4/ha and in Functional nature protection is 61.3/ha. To sum up, milk production is highest in Intensive agriculture, whereas recreation and air quality regulation have highest values in Functional nature protection. 
Discussion
Modelling the effect of land management on ESSs
Method Each ESS was studied through a combination of 'simplifying' indicators and generalized relationships between indicators for ESPs, ESFs and ESSs. The relationships were established based on the assessment of multiple sources for each service. Many indicators, mostly at the ESPs level could be used for multiple services, indicating a possible step towards the assessment of ESSs in bundles. All services and functions were modelled in the same ArcGIS modelling environment and on the same scale (i.e. landscape), which enabled a quantitative and spatial comparison of ESSs. Previous studies focused on multiple services which were mainly related to water, carbon sequestration, pollination and recreation (or tourism) (c.f. Chan et al. 2006; Reyers et al. 2009; Bai et al. 2011; Egoh et al. 2011) , but services such as biological control and air quality regulation were hardly analysed in combination with other services. Therefore, we attempted to assess a wider range of services. We also established explicit links between indicators for ESPs, ESFs and ESSs. The difference between 'what the landscape offers' (ESF) and 'what is or can be used by people' (ESS) informs us on the potential of the system to provide a service as well as on the sustainable use of the service (Kienast et al. 2009; Haines-Young and Potschin 2010) . In the case of pollination and biological control the function covers a larger area than the service, which means that not all the capacity is used and there is potential for the increased use of the service (Figure 5a-5d ). Similarly to Lamarque et al. (2011) and Reyers et al. (2009) we linked fodder and milk production to information on yield and animal numbers, respectively. Information on land use and agricultural statistics was combined into a set of simple but reliable relationships. We also used land use-based indicators for air quality and climate regulation. A consequence of this method is that results are spatially explicit and land use specific, but lack the dynamic biophysical and management aspects (e.g. nutrient application and tree extraction rate) of the service provision. Bai et al. (2011) , Reyers et al. (2009) and Swetnam et al. (2011) , among others, mapped carbon storage or sequestration by vegetation or land use type, but did not relate it to climate change directly. It must be noted that the relationship between carbon sequestered and the change in atmospheric CO 2 concentration is complex and uncertain. We used the widely accepted CO 2 -equivalent to estimate changes in atmospheric CO 2 concentration.
Models that simulate PM10 capture by vegetation McDonald et al. 2007; Tiwary et al. 2009 ) usually do not relate ESF to ESS indicators, nor do they link the air quality service to other ESSs. We could not directly link data on fine dust capture capacity of vegetation to changes in atmospheric PM10 concentration. Although it is known that vegetation has a positive effect on atmospheric fine dust concentration, little is known about the actual quantitative relations. Air quality can also be measured by concentrations of other components, such as NO 2 , NH 3 and O 3 (Nowak et al. 2006 ). Oosterbaan et al. (2006 Oosterbaan et al. ( , 2009 studied both PM10 and NH 3 in the Groene Woud and claimed that NH 3 proved to be an uncertain component to be modelled at landscape scale, as a result of heavily fluctuating concentrations and fluxes. Horizontal PM10 capture is more difficult to estimate than vertical, therefore we used vertical capture based on deposition velocity influenced by vegetation characteristics, as has been commonly done by others (Beckett et al. 1998; Nowak and Crane 2000; Oosterbaan et al. 2006 ). Vertical PM10 deposition was loosely estimated to account for 60-80% of the total dust captured (Oosterbaan et al. 2006) , but due to uncertainties we did not use this information.
Pollination and biological control were modelled with agent-based models before Lonsdorf et al. 2009; Kareiva et al. 2011) , with the focus on animal behaviour. Pollination was also mapped and modelled spatially (Chan et al. 2006; Kareiva et al. 2011) , but with no clear distinction between function and service. We generalized and applied prior established spatial relationships to model pollination, biological control and lifecycle maintenance. Studies conducted on the spatial effect of forest on crop pollination in other regions showed similar numbers on effective distance and underlined the positive effect of forest on crop pollination, but showed different numbers on fruit sets (60-85%) (Priess et al. 2007 ). The generalized value of fruit set percentages should be treated with caution, because studies show that fruit set percentages are crop specific.
Lifecycle maintenance can be measured and modelled through species number (Chan et al. 2006) , mean species abundance (Alkemade et al. 2009 ), habitat rarity and habitat integrity (also referred to as fragmentation) , among others. Similar to Tallis et al. (2011) we established quantified and distance relationships between land management and ESPs related to habitat suitability to map lifecycle maintenance. Scientific literature only supports the positive effect of nature protection on species (habitat). The 20-30% habitat suitability increase, as a result of nature protection, was an assumption used for this case study. The choice of indicator also determines output maps; location of forest patches, for instance, influenced the lifecycle maintenance function map and spatial pattern of green elements influenced the pollination function map (Figure 5a and 5e ). Choosing different indicators may lead to different results, which means that the indicator choice involves uncertainty.
Recreation was measured and modelled by including factors such as proximity to roads, level of public access, amount of natural land cover (Chan et al. 2006 ) and viewshed (Reyers et al. 2009 ). We used walking as an indicator for recreation, due to the popularity of the activity. We studied recreation rather than tourism, as walking trips would be regarded as touristic activities if a night was spent in an accommodation in the area (Henkens et al. 2005; CBS 2010 ). Therefore motives and indicators for tourism could be different. A diverse landscape has a positive effect on recreation (Van den Berg et al. 1998 ). Nevertheless, the 10-30% walking suitability increase as a result of landscape diversity was an assumption made for this case study. Furthermore, there are also other aspects of landscape diversity (such as topography and waterways) that we did not consider.
Results
The function and service maps provide location-specific information about the effect of land management on the provision of ESSs. The reliability and accuracy of the ESS models and uncertainty of the results depend on the quality of the input data and relationships. For example, information on fodder production was directly derived from statistics of maize production. We used national aggregated, yearly updated statistics, which give a rough indication of the fodder production. Using regional, location-specific data might lead to more accurate results. Similarly, the climate regulation function map is directly derived from country-level land use-specific carbon sequestration data. The carbon sequestered (ESF) by different land use types shows a similar trend with the results of studies conducted in other parts of world (Chan et al. 2006; Swetnam et al. 2011) , namely, that deciduous forests sequester the highest amount of carbon. For milk production we compared the modelled number of cows (7200) with results from the agricultural database (10,020) (Naeff and Smidt 2009). The lower model result can be attributed to the fact that cows might have a smaller area in the Groene Woud than the provincial average we used and, therefore, more cows can in reality be kept. Although the 170 t/km 2 average milk production in the Groene Woud (calculated as milk produced/total area) is relatively low, it falls within the 100-500 t/km 2 range indicated on the national milk production map (in 2008) (Van Oostenbrugge et al. 2010) .
For air quality regulation and climate regulation we mapped ESFs by using land use-specific data of PM10 capture and carbon sequestration. The reliability and accuracy of these results depend on the quality of input data. As discussed above the estimation of the PM10 capture involves uncertainty. Furthermore, the actual contribution of PM10 capture to a lower PM10 concentration and the actual contribution of carbon sequestration to a lower CO 2 concentration were difficult to estimate. In other words, it proved to be difficult to make the link to the service itself. That is why studies often describe either the PM10 capture or the modelled decreasing concentration. To our knowledge, Bealey et al. (2007) were the only ones to have modelled both aspects, and they studied a location that was comparable to the Groene Woud (densely populated urban environment in the United Kingdom), which is why we used their assumptions and averaged results for our model.
We tested and validated the modelled relationships and assumptions by comparing and backing up them with other studies. No studies on pollination have been conducted in the Netherlands (Van Rijn and Wäckers 2007) . We made use of a number of studies from different locations to derive information on pollination, which we discussed above. Furthermore, the importance of green landscape elements for pollination, biological control and lifecycle maintenance has also been backed up by literature.
For lifecycle maintenance, we compared the habitat suitability map with empirical observation data on the occurrence of two closed woody habitat butterfly species (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) : Pararge aegeria and Anthocharis cardamines (Dutch Butterfly Conservation 2011) . We found that about 64% of P. aegeria and 58% A. cardamines butterflies occur in areas with modelled habitat suitability higher than 50% ( Figure 6 ). The actual butterfly density proved to be higher at areas with higher modelled habitat suitability.
We compared the walking suitability map with a national map on attractiveness for walking (Goossen et al. 1997; Goossen and Langers 2000) and a general attractiveness map of Dutch landscapes simulated with the GLAM-2 (GIS-based landscape appreciation model, version 2) (De Vries et al. 2007 ). The Kampina nature reserve scores best in all three studies. On our walking suitability map the negative effect of roads and railways is much more visible (Figures 5g and 7) . These similarities and differences can be attributed to the methodology and indicator choice. Common indicators were land use preference (Goossen and Langers 2000) and noise level (Goossen and Langers 2000; De Vries et al. 2007 ). However, we also Figure 6 . Empirical data on the occurrence of Pararge aegeria (left) and Anthocharis cardamines (right) overlaid with the modelled habitat suitability. The majority of butterflies of both species (64% and 58%, respectively) were found in areas with suitability higher than 50% (black). Figure 7 . Attractiveness for walking (a) based on accessibility, land use preference, social aggression, tranquillity and crowding (Goossen et al. 1997; Goossen and Langers 2000) ; and attractiveness of Dutch landscape (b) based on naturalness, relief, urbanization, skyline disturbance, historical distinctiveness and noise level (GLAM-2 model) (De Vries et al. 2007). used additional assumptions and data, such as noise level maps, thereby assuming that noise along roads and railways decreases walking suitability by 60-80%. Another difference is that we also incorporated the effect of green landscape elements on the walking suitability. The added value of our map is that it provides more detailed information on landscape scale. This is also underlined by the higher resolution of our map (25 × 25 m against 250 × 250 m of GLAM-2 model (De Vries et al. 2007 ) and 1000 × 1000 m of attractiveness for walking (Goossen and Langers 2000) ). About 75% of all walking trips take place within a range of 20 km from dwelling places (CBS 1997) . The whole Groene Woud area is located within 20 km distance from the three surrounding cities, which makes the whole area attractive for walking.
We have shown that the partial validation of the results could be done through performing additional Geographic Information System (GIS) analyses or comparison with other models, maps and quantification studies. In general it is difficult to perform a uniform uncertainty assessment on all services, because the methods to assess validity and uncertainty almost differ per service.
Scenario analysis
The scenario analysis can be considered a first step towards incorporating the ESS models into decision making on land management. The Functional nature protection scenario resembles the current situation most, since there is a lot of attention for the role of green and blue landscape elements in the Groene Woud. Protection of or even increasing the extent of green landscape elements seems very plausible at the moment considering it is a core focus of the regional policy. This is partly due to the fact that the area's current landscape configuration is the result of a local, bottom-up initiative: nature managers, farmers and municipalities already started working together to connect several nature areas through the addition of green and blue elements to croplands, roadsides and waterways (cf. 'Green Blue Cadre' (Noord-Brabant 2011) ). The complete switch to organic milk production might be not realistic because of the currently low (but increasing) demand for organic milk (LEI 2010a) . However, our analysis shows that still large amounts of milk could be produced in the area.
The Intensive agriculture scenario does, naturally, arrive at high milk production, but at the cost of recreation and air quality regulation. A high recreants density in a limited area suitable for walking would be highly undesired for local stakeholders as well as walkers (Goossen and Langers 2000) . Moreover, only a fraction of the locally emitted PM10 would be captured by the remaining vegetation. All in all, the Functional nature protection scenario seems most realistic and yields beneficial results for the area's inhabitants and policymakers.
Our scenario analysis was quantitative, but lacked spatial explicitness. With a spatially explicit analysis, targeted areas could be identified and modelled separately, in order to arrive at a more precise and relevant outcome. Furthermore, it would also enable the analysis of services that cannot be aggregated in quantitative terms, that is, are not cumulative, but depend mainly on the landscape structure. Examples of these services are pollination and biological control. For us the scenario analysis served the purpose of testing the influence of management-related variables for the three ESSs, and consequently illustrating how this stepwise modelling approach can facilitate making decisions on land management. We showed that land management for the optimization of one service has an effect on multiple services, because management often targets and alters ESPs (e.g. green landscape elements) that contribute to the provision of multiple services. This underlines the importance of stepwise investigation of ESSs and the need for defining and quantifying ESPs and ESFs first in order to enable service quantification. Further steps for the scenario analysis would be the assessment of more services, as well as incorporation of economic and social valuation of the services too.
Societal relevance
Our study in the Groene Woud is useful and relevant regarding the current policy and management of the region. Researchers, local farmers and managers were consulted to learn about the local policy, management and their link to ESSs. Improved multifunctionality, connectivity of green landscape elements and the full implementation of the EHS network are target points of the regional management strategy (Kuiper and de Regt 2007; Opdam et al. 2009; Blom-Zandstra et al. 2010 ). Furthermore, a recent policy instrument 'Green Blue Cadre' stimulates farmers to improve and diversify ESSs, for example, to place green and blue landscape elements and establish walking paths on field edges (Noord-Brabant 2011) .
Our study confirms that the green landscape elements play an important role in the provision of multiple ESSs. Therefore, a 10% increase of green elements (which could be done if the local council agrees) could contribute to increased landscape multifunctionality and ESS provision in the Groene Woud.
Conclusion
The ESF and ESS maps show a clear trade-off between ESSs provided by the natural and agricultural land use and land cover types. Natural areas score higher in the provision of regulating and cultural functions and services, whereas agricultural areas score higher in the provision of production-oriented services, such as milk and fodder.
In addition, we showed that the presence of green elements is beneficial for multiple services, either directly (regulating and recreation services) or indirectly (pollination and biological control enhancing agricultural production). Therefore, land use type and green landscape elements are suitable variables for modelling land management effect in this area. The ArcGIS modelling environment enabled a quantitative and spatial comparison of ESSs, and the use of generic relationships enabled the application of the method also for other areas either inside or outside the Netherlands. We conclude that stepwise modelling of ESFs and ESSs is essential to better understand the effects of land management on the provision of ESSs and is a first step towards bundling services. Our scenario analysis offered a preview of how this can be done in a simple way, while still yielding useful results. The societal relevance of our study lies in its implication in regional management and policy. The maps provide location-specific information about the effect of land management on the provision of ESSs at the landscape scale. Further research in the Groene Woud and similar areas should focus on the assessment of more dynamic services, for instance by studying water and nutrient (nitrogen, phosphorus and carbon) dynamics. This is relevant for regulating services such as water retention, water purification, water provision, soil quality maintenance and climate regulation. Cultural services, such as aesthetic information and cognitive development, require a qualitative approach, which enables the synthesis of soft and hard information. Therefore, we suggest to combine the stepwise approach we applied with more dynamic and qualitative approaches to get a more complete overview of the bundle of ESSs that can be provided.
Appendix 1. Overview of indicators and relationships used for the spatial modelling of eight ecosystem services
Ecosystem Service category
Indicator category
Milk production
Ecosystem properties. Land use, area need per cow, percentage of milk cows and milk productivity of cows.
Ecosystem function. Number of milk cows = F (land use, area need per cow, rate of milk cows) = grassland area × area need per cow × rate of milk cows.
Ecosystem service. Milk produced (L) = F (number of milk cows, milk productivity of cows) = number of milk cows × milk productivity of cows.
Fodder production
Ecosystem properties. Land use and maize productivity.
Ecosystem function. Area of maize production (ha). Ecosystem service. Maize produced (kg) = F (area of maize production, maize productivity) = area of maize cultivation × maize yield.
Air quality regulation
Ecosystem properties. Land use, green elements, fine dust capture capacity of vegetation, emission, background concentration, vegetationatmospheric fine dust concentration relationship and percentage of vegetation cover.
Ecosystem function. Fine dust captured by vegetation (t/ha/year) = F (land use, green elements, fine dust capture capacity of vegetation, background concentration) = land use/green elements × fine dust capture capacity at a given average concentration.
Ecosystem service. Change in atmospheric fine dust concentration (%) = F (percentage of vegetation cover, vegetation-atmospheric fine dust concentration relationship, emission) = vegetation cover (%) as a measure of change in fine dust concentration.
Climate regulation
Ecosystem properties. Land use, green elements, the carbon emission factor and carbon equivalent.
Ecosystem function. Carbon flux (t/ha/year) = F (land use, green elements, carbon emission factor of land use) = land use or green elements × carbon emission factor.
Ecosystem service. Change in atmospheric CO 2 concentration = F (carbon flux, carbon equivalent) = carbon flux × carbon equivalent.
Pollination
Ecosystem properties. Land use, green element, distance to nature, fruit set distance to nature curve, effective distance and pollinatordependent crops.
Ecosystem function. Abundance of pollinators (measured by fruit set) (%) = F (land use, green elements, effective distance, fruit set distance to nature curve) = 60.0 -0.98 × sqrt (distance to forest, heath, natural grass or green landscape elements).
Ecosystem service. Changes in crop yields (%) = F (abundance of pollinators, pollinator-dependent crops) = fruit set at crop areas.
Biological control
Ecosystem properties. Land use, green elements, effective distance and location of pest-influenced crops. Ecosystem function. Abundance of natural predators (measured by tree density) (%) = F (land use, green elements, effective distance) = area sum of forest and green landscape elements within 1000 m.
Ecosystem service. Changes in crop pest predation (%) = F (abundance of natural predators, pest-influenced crops) = tree density at crop areas.
Lifecycle maintenance
Ecosystem properties. Land use, green elements, species dispersal capacity, habitat fragmentation and nature protection areas.
Ecosystem function. Habitat suitability (%) = F (land use, green elements, species dispersal capacity, fragmentation, nature protection areas) = area sum of forest and green landscape elements within 1750 m × exponential decrease within 1000 m of road/railway (exp(-(3.5/1000) × distance from road/railway) × 20 -30% increase due to nature protection.
Ecosystem service. Species occurrence = F (habitat suitability) = area of habitat suitability > 50%.
Opportunities for recreation
Ecosystem properties. Land use, preference of land use, noise level, proximity to green landscape elements, number of residents and percentage of residents that walk. Ecosystem function. Walking suitability (%) = F (land use preference, noise level, proximity to green landscape elements) = land use preference for walking × 60-80% decrease due to noise × 10-30% increase due to green landscape elements.
